Obsessive-compulsive disorder (OCD) patients show increased insula activation to disgust-inducing images compared to healthy controls (HC). We explored whether this disgust reactivity was also present in the olfactory domain by conducting the first fMRI study of olfaction in OCD. Neural activation in response to pleasant and unpleasant odors (vs. unscented air) was investigated in 15 OCD and 15 HC participants using fMRI. OCD participants (vs. HC) had increased left anterior insula activation to unpleasant odors (vs. unscented air), which positively correlated with their disgust sensitivity and ratings of the unpleasantness and intensity of those odors. OCD participants (vs. HC) showed increased activation of caudate nucleus and left anterior and posterior insula to pleasant odors (vs. unscented air), which positively correlated with their OCD symptom severity, trait anxiety, frequency of feeling disgust, and odor intensity ratings. OCD participants had increased anterior insula activation to both pleasant and unpleasant odors, which correlated with their OCD symptoms, anxiety, disgust sensitivity, and frequency of feeling disgust. OCD patients might have a negative cognitive bias and experience all stimuli, regardless of valence, as being more unpleasant than healthy people. These findings further elucidate the neural underpinnings of OCD and may contribute to more effective treatments.
Introduction
Obsessive-compulsive disorder (OCD) is characterized by the persistent intrusion of intense, unwanted thoughts or images (obsessions), and repetitive, ritualistic behaviors or mental acts (compulsions) that are carried out in an attempt to neutralize anxiety (American Psychiatric Association, 2000) . Although the etiology of OCD is unknown, structural functional neuroimaging studies (Rauch, 1998) , clinical response to neurosurgery (Husted and Shapira, 2004) , and neurophysiological and neuroimmunological data (Stein et al., 2000) suggest dysfunction in cortico-striatal-thalamic-cortical (CSTC) neurocircuitry, in particular abnormalities of the orbitofrontal cortex (OFC) and basal ganglia in OCD (Rauch and Jenike, 1993; McGuire et al., 1994; Lucey et al., 1995; Robinson et al., 1995; Rauch et al., 1997) .
OCD and disgust
Several lines of evidence suggest that the emotion of disgust plays an important role in the pathogenesis and maintenance of OCD (Stein et al., 2001; Schienle et al., 2005; Husted et al., 2006) . First, there is a strong relationship between the emotion of disgust/disgust sensitivity and obsessive-compulsive symptoms in both clinical and non-clinical populations (Muris et al., 1999; Mancini et al., 2001; Woody and Tolin, 2002; Schienle et al., 2003; Thorpe et al., 2003; Olatunji et al., 2004a Olatunji et al., , 2004b Tsao and McKay, 2004; Olatunji and Sawchuk, 2005) . Second, OCD patients have shown deficits in identification of facial representations of disgust, in comparison with other anxiety disorders (Sprengelmeyer et al., 1997) . And third, OCD patients, especially those with contamination fears and washing compulsions, report experiencing intense disgust feelings during symptom provocation, (Phillips et al., 2000; Sieg and Scholz, 2001) and contamination concerns are the most common obsessions associated with OCD, (Rasmussen and Tsuang, 1986) presenting in up to 50% of people with OCD (Rachman and Hodgson, 1980; Rasmussen and Eisen, 1992) .
Feelings of disgust may arise from sensory experiences (e.g., taste, smell) and from more abstract concerns (e.g., related to aspects of the body or to moral judgments) (Rozin et al., 1999) . In accordance, OCD
